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CHAPTER 1 
 
 
 
INTRODUCTION 
 
 
 
 The evolvement of material in usage applications has never stopped.  Nowadays, 
the development of structure with the use of polymeric composite material is in rapid 
progress. One of the important aspects in these structural designs is that the capability of 
the polymeric composite materials to withstand impact load. Structures are designed in 
consideration of absorbing energy under impact conditions. 
 
 Another aspect needs to be looked into is the replacement of metal, concrete and 
wood structures with polymer composite materials. Man has moved from using pure 
materials such as metal to alloy and consequently polymer composite with certain 
purposes. The main purposes are to achieve weight savings, take advantage of new 
materials processing methods and improve the properties of the material for certain 
applications. 
 
 Furthermore, in the case of impact response, a complex three dimensional 
structural behavior of the material occurs. In order to design complex geometry of the 
structures for impact resistance, it is a need to study a simple structure element of the 
polymer composite material.  
 
  A simple polymer composite structure commonly used today is sandwich 
structure. The sandwich construction is made up of a lightweight core material 
sandwiched between high strength and high modulus skins. In most sandwich 
constructions, core materials include balsa wood, aluminum, paper and plastic 
honeycombs, cellular foams and CorematR. The skins are usually resin impregnated 
glass, aramid or carbon fibres. The matrix resin can be of polyester, vinyl ester, phenolic 
thermosets and other more recent high performance thermoplastics. In this study, the 
work is concerned on the sandwich beams with polyester resin impregnated glass fibers 
for skins and rigid polyurethane foam as the core material. Due to high stiffness and 
strength to weight ratio of composites and thin walled sectional geometry of FRP 
shapes, impact is the most likely mode of failure before material failure. 
 
 
 
1.1 Background of Project 
 
 Studies on impact response of sandwich structures are quite numerous. Previous 
experimental work 1,2,3 showed that sandwich beams subjected to three point bend test, 
failed in several different modes. The main modes of failure were upper skin 
compression failure, upper skin wrinkling, shear of core and lower skin tensile failure. 
Beams with thin skin and span to depth ratio of 16 or greater mainly failed due to upper 
skin compression. This is followed by crushing of the core and finally lower skin tensile 
failure. Figure 1.1 shows the force deflection schematic for the sandwich beams. Up 
until the first failure, the linear elastic behaviour of the beams can be analysed using the 
laminate theory which has been extensively covered in most texts and papers. However, 
little work has been carried out on the post failure behaviour of sandwich beams. A 
model has been developed by Mines and Jones1 to simulate the post skin failure 
response of the beams. The model assumes the idealized plastic hinge. It is under central 
lateral loading and makes use of simple strength of material concept which relates the 
material properties to the overall response of the beams. Although highly approximate, 
the model showed fair agreement with the CorematR cored beams.   
  
 
 
Figure 1.1: Force-Deflection Schematic for Sandwich Beam 
         (A-Upper skin compression, B-Core crushing, C-Lower skin  
         tensile failure) 
 
 
 
 
1.2 Problem statement 
 
Lightweight sandwich constructions are frequently used in a wide range of 
engineering applications due to their excellent bending properties. In some cases where 
structures might be subjected to large overloads and impact, residual strength and energy 
absorption are of equal importance. As in example of large overload, how much energy 
can the structure absorb until total failure is a major concern. In frontal impact of a car, 
can the car structure absorb enough impact energy to prevent injury of its occupants? 
These show the importance on understanding the post failure of sandwich constructions 
which is in the plastic region where more energy is absorbed. 
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1.3 Objective 
 
The objectives of this study are: 
a) to determine the energy absorbed by the foam from the biaxial test 
b) to determine the energy absorbed by the foam as core of composite sandwich 
structure from the three-points bending test.  
c) to investigate the type of the post failure behaviour of this polymeric 
sandwich structure 
d) to investigate the validity of the model with the beam tests. 
  
 
1.4 Scope of Study 
 
The scopes of this project are as stated below: 
1. Study the present technique in producing the polymeric foam: rigid polyurethane 
foam, as core sandwich structure. 
2. Fabricate the foam core using mixing machine. 
3. Study the characteristics of PUR Foam by performing mechanical tests as below:  
i. Uniaxial Tension Test 
ii. Uniaxial Compression Test  
iii. Pure Shear Test  
iv. Biaxial Test 
 
4. Study the characteristics of glass fibers and polyester resin and to perform tensile 
tests on the skin of sandwich structure. 
5. Study the theory that relates with three-point bending and impact analysis. 
6. Perform mechanical tests of the sandwich structure: 
i. Three Point Bending Test 
ii. Dynamic Impact 
 
 7. Analyze the experiment data. 
8. Carry out the theoretical analysis.  
9. Comparison and discussion of data analysis. 
10. Conclusion and suggestion/recommendation for future study. 
11. Report writing. 
 
 
1.5 Methodology 
 
The methodology of this project was divided into two parts which are analytical analysis 
and experimental work. The flow chart in Figure 1.2 below shows the activities for the 
experimental work. 
 
 
 
Figure 1.2: A Flow Chart for Experimental Work 
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 The core specimens were prepared by mixing the polyol blend and isocyanate of 
1:1 ratio respectively. The determination of the tensile, compression, and shear 
properties of the PU foam were carried out according to the ASTM C297, ASTM 
D1621-2000 and ASTM C365-2000, and ASTM C273 standards respectively. 
The properties of this material used to analyze the failure characteristic of the 
core sandwich structure. The face sheets were prepared by filament winding 
process. The determination of the failure characteristic of the GFRP was carried 
out by the quasi-static and dynamic test and axial test. The sandwich structures 
were prepared by using in-situ technique. Thus, from the stress-strain curve 
obtained the energy absorption is analyzed. Apart from that the energy 
absorption is also being analyzed theoretically. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
